1.
Introduction South India (SI) is one of the oldest geophysical regions occupied mainly by Dravidian language-speaking people. The major Dravidian languages are Tamil, Telugu, Malayalam, Kannada, and Tulu. 1 We analyzed MDRI donor samples from these five linguistic groups from SI to study the human leukocyte antigen (HLA) characteristics of each group. South Indians from the above mentioned linguistic groups represent 20% of Indian population and about 11 million South Indians have immigrated to various parts of the world 2-6 ( Table 1 ).
The HLA system is synonymous with the human major histocompatibility complex (MHC). These HLA genes express their gene products on the surface of white blood cells and were originally recognized to contain the genes encoding ''tissue antigens'' or ''tissue types''. These HLA have to be matched for increasing the chances of graft acceptance and reduce the risk for graft versus host disease.
Marrow Donor Registry India (MDRI) is a nongovernment organization working toward the cause of searching unrelated matched donors for patients from India and abroad requiring stem cell transplantation.
Aim:
1. To determine the HLA ABDRB1 allele and haplotype pattern in southern Indians 2. To assign ranks for each haplotype found in all groups. As well as to compare the haplotypes within different groups to identify the most common and unique haplotypes.
Materials and Methods:
1. Subjects -1893 voluntary bone marrow donors from southern India were included in this study. 2. DNA extraction was done by salting out technique (Invitrogen, WI, USA) followed by sequence specific oligonucleotide probes (SSOP) technique using Luminex xMap technology (Gen-probe, CT, USA). 3. Ambiguities were resolved using the sequence specific primer (SSP) technique (Bag Healthcare, Lich, Germany). 4. Graph pad Instat 3 software was used for statistical analysis and software developed at the National Marrow Donor Program (NMDP), USA along with Arlequin 3.1 software was used for determining the haplotype frequency.
Results
MDRI donors from 5 linguistic groups (n > 100) namely Kannada (n = 281), Malayalam (n = 443), Tamil (n = 463), Telugu (n = 450), and Tulu (n = 256) respectively were tested for the HLA ABDRB1 alleles. 
2.2.
Common haplotypes in 5 linguistic groups 1893 donors from 5 South Indian linguistic groups were analyzed to see their haplotypes using the software developed at the NMDP, USA. The average haplotype frequency percentage (AHF%) of common haplotypes were A*01-B*57-DRB1*07 (AHF% = 3.19%), A*33-B*44-DRB1*07 (AHF% = 3.36%), A*02-B*40-DRB1*15 (AHF% = 2.10%), A*24-B*07-DRB1*15 (AHF% = 1.61%), and A*24-B*40-DRB1*15 (AHF% = 1.61%) (See Table 5 ).
Unique haplotypes in 5 linguistic groups
Besides the common haplotypes that were seen across all 5 linguistic groups, we found a few unique haplotypes in each group (see Table 6 ). A*33-B*51-DRB1*15 is a haplotype seen very commonly in Kannada speaking population and is statistically i n d i a n j o u r n a l o f t r a n s p l a n t a t i o n 9 ( 2 0 1 5 ) 1 3 8 - 
Discussion
India is the second most populated country in the world with population of 1.27 billion. India has been subjected to different waves of immigrants from all over the world, which has led to admixture and displacement of HLA alleles. With the exception of Africa, such an extent of genetic diversity is not observed in comparable global regions. With 22 official languages, India has amalgamation of various ethnicities, cultures, languages, marriages within communities, which have resulted in unique gene pool and HLA frequency pattern. [7] [8] [9] HLA genes are most polymorphic in human genome. HLA genes play a central role in immunity and are responsible for graft rejection in hematopoietic stem cell transplantation. As the HLA loci depict an immense degree of polymorphism and extensive tight-linkage among loci, it helps to determine genetic relatedness among population and population migration pattern etc.
HLA A alleles and its relevance
The Tulu population showed low percentage of A*01 and A*26 alleles, whereas very high percentage of A*33, B*58, and i n d i a n j o u r n a l o f t r a n s p l a n t a t i o n 9 ( 2 0 1 5 ) 1 3 8 -1 4 3 DRB1*01. Telugu speaking population had very high percentage of A*02 allele, the lowest percentage of A*33 allele. HLA-A*01 (A1) is seen in about 7-19% of South Indian population. Expression of the common class I HLA A*01 has been shown to increase the risk of developing Epstein-Barr virus (EBV)-positive Hodgkin lymphoma (HL). 10 Furthermore, genetic markers closely linked to the HLA-A*01 allele were also shown to be associated with development of acute infectious mononucleosis (IM) upon primary EBV infection. 11 The HLA-A*02, present in 13-20% of South Indian population, has been associated with spontaneous abortion in infertile couples. 12 HLA-A*02 has been linked with decreased risk of developing EBV-positive HL. Among patients with EBV + HL, only 35.5% of people expressed HLA-A*02 compared to 50.9% in the EBV-HL group and 53% in the control group. This is a significant decrease and is almost certainly a result of the abnormally efficient binding of HLA-A*02 to peptides originating from EBV. 13 HLA-A*02 appears to stimulate peripheral blood mononuclear cells in a manner that inhibits HIV replication. This could be the reason for a documented 9-fold reduced risk of HIV transmission to infants during childbirth. 14 A*24 is seen in 16-21% of South Indian population and has been known as a secondary risk factor for myasthenia gravis 15 and Buerger's disease. 16 A*33 is seen in 8-20% of South Indian donors. A*33 is a split antigen of the broad antigen serotype A19. HLA-A33, which is a common phenotype in Asian populations but is rare in white populations, was most significantly associated with enterovirus 71 infection. 17 A*11 is seen in 11-14% of SI Donors. Associations have been observed between A11 and pulmonary tuberculosis, 18 leprosy, 19 and cytomegalovirus infection with epilepsy. 20 
HLA B alleles and its relevance
HLA B*07 is one of the most common B alleles seen in 6-13% of South Indian population. It is reported that HLA-B7 along with HLA-DQ8 increased risk for cervical cancer in Asian Indian women. 21 The phenotypic frequency of HLA B*27 varies from community to community in India. The South Indian population show 1-2% allele frequency of B*27. The first HLA haplotype association with inflammatory disease was discovered in 1972, correlating HLA-B27 with ankylosing spondylitis. This remains one of the strongest known associations of disease with HLA-B27. Since then, more than 100 disease associations have been made, including many ocular diseases and systemic diseases with specific ocular manifestations. 22 One study reflects increased frequency of alleles B*07, B*35, and B*46 in HIV-1-positive subjects, whereas the alleles B*55, B*44, and B*78 were absent in the HIV-infected persons. 23 HLA-B5 (B5) is an HLA-B serotype. B5 is a broad antigen serotype that recognizes the B51 and B52 split antigen serotypes. HLA-B*51 and HLA-B*52, present in 8-10% and 5-10% in South Indian population respectively, are two close HLA allele groups with minor amino acid differences. However, they are associated with two different vasculitides (HLA-B*51 in Behçet's disease and HLA-B*52 in Takayasu's arteritis (TAK)). 24 i n d i a n j o u r n a l o f t r a n s p l a n t a t i o n 9 ( 2 0 1 5 ) 1 3 8 -1 4 3
3.3.

HLA DRB1 alleles and its relevance
HLA DRB1*04 alleles are present in 12-14% in South Indian population. Patients with early rheumatoid arthritis, who are homozygous for DRB1*04 exhibit an elevated inflammatory activity and an increase of joint affections. 25 HLA DRB1*07 is the second most common allele in South Indian population (14-19%) . The most consistently replicated association of Crohn's disease is with the HLA class II allele HLA-DRB1*07. Crohn's is one of the two major forms of inflammatory bowel disease, the other being ulcerative colitis. Crohn's differs from ulcerative colitis in that Crohn's can affect any part of the gastrointestinal tract from the mouth to the anus. 26 DRB1*15 is the most common HLA allele present in South Indian population (19-28%). DRB1*1501 is positively associated with juvenile rheumatoid arthritis, multiple sclerosis, cervical cancer (human papillomavirus infection), Sjogren's syndrome associated with systemic lupus erythematosus and systemic lupus erythematosus. [27] [28] [29] [30] 
HLA haplotypes
Indian haplotypes show some unity in diversity in their HLA gene inheritance. The 5 common haplotypes were A*01-B*57-DRB1*07 (AHF% = 3.19%), A*33-B*44-DRB1*07 (AHF% = 3.36%), A*02-B*40-DRB1*15 (AHF% = 2.10%), A*24-B*07-DRB1*15 (AHF% = 1.61%), and A*24-B*40-DRB1*15 (AHF% = 1.61%) constitute about 11% AHF. This ensures that any patient with one of these common haplotypes will be able to find a match much more easily than someone with the rarer haplotypes. Although many common haplotypes are seen across all linguistic groups some HLA haplotypes distinguish one group from another. The knowledge of haplotypes will help MDRI understand the HLA genetics of Indian population and help us find suitable matched donors for the patients in need for transplant. The knowledge of allele prevalence in a particular population is important in understanding the disease susceptibility or resistance. Particular alleles are specifically associated with drug related toxicity or side effects. These particular alleles, if are present in high percentage in the population, new policy to treat these patients should be considered. A few examples of drug related alleles are mentioned discussed below.
HLA B*15 seen in 6-12% of South Indian population has been reported to be associated with occurrence of hypersensitivity reactions including rare but life-threatening Stevens-Johnson syndrome (SJS) and drug-induced hypersensitivity syndrome (HSS) limits the use of the anticonvulsant carbamazepine (CBZ). CBZ is one of the most frequently used anticonvulsants in adults and children for the treatment of epilepsy, trigeminal neuralgia, and bipolar disorder. HLA-B*15:02 was associated with CBZ-SJS (OR: 38.6, p = 0.002). 31 HLA B*57(5-10%) and B*58 (3-11%) are seen in South Indian population respectively. Expression of HLA-B*57 and the closely related HLA-B*58:01 are associated with prolonged survival after HIV-1 infection. HLA-B*5801 is associated with an increased risk of severe skin reactions in people treated with allopurinol (a drug used to treat gout, which is a form of arthritis caused by uric acid in the joints). 32, 33 Among people with human immunodeficiency virus (HIV) infection, a version of HLA-B designated HLA-B*5701 is associated with an extreme sensitivity to abacavir. This drug is a treatment for HIV-1 that slows the spread of the virus in the body. People with abacavir hypersensitivity often develop a fever, chills, rash, upset stomach, and other symptoms when treated with this drug. 34, 35 Inbuilt customs and traditional practices of marriage system generate unique pools of genes in spite of the same geographical region. The knowledge of alleles and their associations with various diseases also gives some insight in the population health and susceptibility and protection against certain diseases and drug reactions.
Being bone marrow registry knowledge of the difference in HLA allele percentage and unique haplotype patterns in each group reveals that more donor drives have to be concentrated on those groups that are poorly represented in the donor pool. This will enable us to find matches for patients belonging to each unique linguistic group.
